Deep-seated trichosporonosis is a lethal opportunistic infection that disseminates rapidly and widely in immunocompromised patients, and early diagnosis is crucial for the treatment of this infection. We developed a novel nested-PCR assay that detects DNA specific for clinically important strains of Trichosporon in serum samples from patients with disseminated trichosporonosis. In this assay, two sets of oligonucleotide primers were derived from the sequence of 26S rRNA genes of Trichosporon asahii. The specific fragment was amplified from T. asahii and T. mucoides, but not from other microorganisms, including some other basidiomycetous fungi (Cryptococcus, Malassezia, Rhodotorula, and Sporobolomyces). Target DNA was detected by the nested PCR with as little as 5 fg of the extracted DNA of T. asahii. In a study using 11 clinical samples, the specific fragment was detected by the nested PCR in 64% (7 of 11) of sera from patients with histologically diagnosed disseminated trichosporonosis, while glucuronoxylomannan antigen was detected in only 54% (6 of 11) of the samples. Our new nested-PCR assay using serum samples can be performed repeatedly throughout the course of the disease. In addition, not only can it be used for early diagnosis of trichosporonosis, but it may also be beneficial for monitoring its progress or response to therapy.
Disseminated trichosporonosis is a lethal opportunistic infection associated with morbidly severe conditions, such as rapidly developing respiratory failure, renal failure, or disseminated intravascular coagulation syndrome, in immunocompromised patients (e.g., those with hematological malignancies) (19) . In recent years, the efficacy of different combination therapies for this condition has been reported. These include a variety of antifungal agents and granulocyte-colony stimulating factors (G-CSFs) (3, 14) . However, these therapies are only effective if the disease is detected at an early stage, and, therefore, early diagnosis is an important step in the successful management of patients with disseminated trichosporonosis. Unfortunately, an early diagnosis of the disease is very difficult, and in most cases, this disease is only confirmed at autopsy. A firm diagnosis of disseminated trichosporonosis is usually established by histological examination of tissue samples obtained by biopsy as well as by detecting the causative pathogenic fungi in clinical samples. However, invasive examinations, such as biopsy, cannot be repeatedly performed in patients with severe underlying diseases, and even though the detection of causative fungi in the blood is clinically valuable, the results of blood cultures usually become available only after a relatively long period of time.
Various fungal antigen assays have been developed recently for the diagnosis of deep-seated mycosis, and several assays have been applied clinically (6, 13, 18) . Even though patients with disseminated trichosporonosis may test positive for the glucuronoxylomannan (GXM) antigen (9, 10) or (133)-␤-Dglucan (11) , patients with other mycoses also test positive in these assays (12) , and therefore the specificity of these tests is not satisfactory. PCR has also been used for the diagnosis of deep-seated mycosis, and several attempts have been made to detect fungal DNA from blood samples (2, 5, 7, 23, 24) . However, to our knowledge, there are no reports on the use of PCR for direct detection of DNA specific for Trichosporon species in serum samples.
In the present study, we developed a novel PCR assay for the detection of DNA of clinically important strains of Trichosporon species in serum samples from patients with disseminated trichosporonosis and investigated its sensitivity and specificity.
MATERIALS AND METHODS
Organisms and growth conditions. The fungal and bacterial strains used in this study are listed in Table 1 . All of the fungal strains except for Trichosporon asahii OMU239 were supplied by Teikyo University Research Center for Medical Mycology. The fungi were incubated and allowed to proliferate in Sabouraud dextrose broth for 72 h at 30°C, while the bacteria were incubated in LuriaBertani medium for 24 h at 37°C.
Extraction of DNA from cultured strains. Extraction of DNA from fungi was performed according to the method described by Yamakami et al. (23) . Briefly, 50 ml of Sabouraud glucose broth in a flask was inoculated with conidia and incubated for 72 h at 30°C. The mycelial mat was transferred into a 50-ml polypropylene screw-cap tube containing six glass beads (4 mm in diameter). The tube was then immersed in liquid nitrogen for 10 s and vortexed vigorously for 20 s. In the next step, 2 ml of DNA extraction buffer (10 mM Tris-HCl [pH 8.0], 10 mM EDTA, 0.15 M NaCl, 2% sodium dodecyl sulfate, and 0.5 mg of proteinase K per ml [Sigma Chemical Co., St. Louis, Mo.]) was added, and the mixture was allowed to thaw. The mixture was then incubated for 2 h at 55°C, followed by inactivation of proteinase K by heating it to 95°C for 10 min. A volume of 0.7 ml of the mixture was transferred to a 1.5-ml microcentrifuge tube, and an equal volume of phenol-chloroform (1:1) was added, followed by centrifugation at 10,000 ϫ g for 5 min at 4°C (MRX-150; Tomy Seiko Co., Tokyo, Japan). The supernatant was transferred to a fresh tube, and the same procedure was repeated with chloroform-isoamyl alcohol (24:1). The DNA was precipitated with 2 volumes of ethanol at Ϫ20°C and centrifuged at 12,000 ϫ g for 20 min at 4°C, and the pellet was allowed to dry. After being rinsed with 70% ethanol at 4°C, the pellet remained intact, and the sample was air dried. The extracted DNA was then suspended in 50 l of distilled water, and 5 l of the suspension was used for PCR. Extraction of DNA from bacteria was performed according to the method described by Sambrook et al. (16) , using lysis by alkali and sodium dodecyl sulfate.
Clinical samples and DNA extraction. The protocol was approved by the Humans Ethics Review Committee of our University, and signed consent was obtained from each subject. Clinical samples were obtained from 20 healthy subjects and 11 patients with disseminated trichosporonosis diagnosed by an immunohistochemical technique described by Tashiro et al. (19) . All histological diagnoses were established by autopsy. To isolate Trichosporon species, the blood asamples were cultured on Sabouraud glucose broth at 30 and 37°C for 7 days. Trichosporon species were identified by their morphological and biochemical characteristics (19) .
The GXM antigen assay and PCR were performed in a retrospective fashion. Blood samples for these assays were centrifuged at 2,500 ϫ g for 10 min, and the sera were stored at Ϫ20°C until use. Extraction of DNA from the serum was performed according to the method described by Tokimatsu et al. (20) . In the first step, a serum sample of 100 l was combined with the same volume of a lysis buffer containing 100 mM KCl, 20 mM Tris-HCl (pH 8.3), 5 mM MgCl 2 , 0.2 mg of gelatin per ml, and 0.9% polysorbate 20 (Tween 20) solution. Proteinase K was added to a final concentration of 60 g/ml. The mixture was incubated for 60 min at 55°C. Proteinase K was then inactivated by heating of the mixture to 95°C for 10 min. The supernatant was used for PCR amplification following centrifugation at 12,000 ϫ g for 10 min at 4°C.
Oligonucleotide primers and PCR. The design of oligonucleotides used in the present study was based on a comparison of the sequences of 26S rRNA genes (rDNA) of Trichosporon species and other fungi available in the GenBank database. Nested PCR was performed with two sets of primers. The outer primer set consisted of TB26-1 (5ЈAAAGATGAAAAGCACTTTGG3Ј) and TB26-2 (5ЈAAGCCATTATGTCAACATCC3Ј), amplifying a 287-bp sequence. The inner primer set consisted of TB26-9 (5ЈAGCACTTTGGAAAGAGAG3Ј) and TB26-10 (5ЈCCTAAGCTCGAACGTGCC3Ј), amplifying a 259-bp sequence. The reaction mixtures used in the present series of experiments consisted of 50 mM KCl, 10 mM Tris-HCl (pH 8.8), 1.5 mM MgCl 2 , 0.1% oxtoxynol (Triton X-100), 160 mM (each) deoxynucleoside triphosphates (dATP, dCTP, dTTP, and dGTP), and 1 U of Thermus aquaticus (Taq) DNA polymerase (Takara Taq; Takara Shuzo Co., Otsu, Japan). In a single PCR step, 50 pmol of each outer primer was combined with 5 l of the prepared sample to a final volume of 50 l.
The tube was covered with mineral oil to prevent evaporation, and PCR was conducted in an automatic thermal cycler (program temperature control system PC-700; Astec, Co., Fukuoka, Japan). The amplification reactions were run for 30 cycles of DNA denaturation at 94°C for 1 min, primer annealing at 55°C for 2 min, and DNA extension at 72°C for 2 min. The final cycle of DNA extension was carried out at 72°C for 10 min. In the nested-PCR step, 1 l of the first amplification product was added to a new reaction mixture with 50 pmol of each inner primer and reamplified with 30 cycles as described above, except for the primer annealing step. This step was carried out at 63°C for 2 min. To avoid possible contamination of PCR mixtures, all reactions were performed under stringent conditions, as recommended by Kwok and Higuchi (8) . Three negative controls, including control reagents and sera from healthy subjects, were run along with the test samples for all reactions. The nested-PCR products were electrophoresed on a 2% agarose gel containing ethidium bromide, and the results were photographed.
Southern blot hybridization. Gel-fractionated nested-PCR products were transferred onto nylon membranes (Hybond Nϩ; Amersham International, Buckinghamshire, United Kingdom) and then hybridized with a DNA probe specific for T. asahii, TA-p (5ЈTAGTAGGAATGTGACTTCTCCGGAA3Ј), or specific for T. mucoides, TM-p (5ЈATAGTAGGAATGTAGCTCCCCCGGG 3Ј), labeled with an enhanced chemiluminescence detection system (ECL 3Ј-oligolabeling and detection system; Amersham). The membranes were washed according to the instructions provided by the manufacturer and exposed to X-ray films for 60 min.
Glucuronoxylomannan antigen assay. Circulating GXM antigen was detected by a latex agglutination test, the Serodirect "Eiken" Cryptococcus test (Eiken Kagaku Co., Tokyo, Japan). Assays were performed according to the instructions provided by the manufacturer. Briefly, the serum sample was incubated at 56°C 
RESULTS

Specificity of nested PCR for Trichosporon species.
DNA samples from the organisms tested were examined to see whether the primer amplified the same DNA products. Using a single PCR with outer primers, a specific 287-bp fragment was amplified from all Trichosporon tested species (T. asahii, T. mucoides, and T. montevideense) and other basidiomycetous fungi tested but not from other microorganisms. In nested PCR with inner primers, a specific 259-bp fragment was amplified from T. asahii and T. mucoides, but not from other microorganisms, including other basidiomycetous fungi tested (T. montevideense, Cryptococcus neoformans, and so on) ( Table  1 and Fig. 1) .
Sensitivity of nested PCR for Trichosporon species. We used a T. asahii DNA, extracted as described above, to evaluate the sensitivity of nested PCR. Serial 10-fold dilutions of the gene were prepared, and each dilution was then subjected to amplification by PCR. Five hundred femtograms of target DNA was detected by a single PCR, whereas as little as 5 fg was detected by the nested PCR, indicating that the sensitivity of nested PCR was 100 times higher than that of the single PCR. The method involving nested PCR with a gel detection system was as sensitive as the following hybridization method (Fig. 2) .
Southern blot hybridization for Trichosporon species. As shown in Fig. 3 , we were able to differentiate between T. asahii and T. mucoides by Southern blot hybridization performed after the nested PCR by using DNA probes specific for each of these two species.
Detection of DNA specific for Trichosporon species in clinical samples. A summary of the results of blood culture, GXM antigen assays, and nested PCR using serum samples of patients with a histological diagnosis of disseminated trichosporonosis is shown in Table 2 . The detection sensitivity levels of these three assays were as follows: 72% (8 of 11) for blood cultures, 54% (6 of 11) for the GXM antigen assay, and 64% (7 of 11) for nested PCR. All isolates of Trichosporon species were further identified as T. asahii var. asahii by the technique based on the DNA-DNA homology of Trichosporon species. The results of a Southern blot hybridization that was performed after nested PCR also showed that all seven PCRpositive patients had T. asahii infection (data not shown). All samples from healthy subjects were negative in these three assays. The results of nested PCR became available a few days to a few weeks earlier than those of blood cultures for five subjects (data not shown).
For the screening of PCR inhibitors in samples, Trichosporon DNA-negative samples were tested to detect human genomic DNA (␤-globin DNA) by nested PCR according to the methods described by Saiki et al. (15) , and these samples were positive for ␤-globin DNA. On the basis of these results, it was considered that there were no PCR inhibitors in these samples (data not shown).
DISCUSSION
Deep-seated trichosporonosis is a lethal opportunistic infection associated with morbid severe conditions in immunocompromised patients, disseminating to various organs, such as the lungs, kidneys, digestive tract, adrenal gland, and central nervous system (19) . Even though disseminated trichosporonosis is resistant to antifungal agents such as amphotericin B (21), combination therapy consisting of a recombinant human G-CSF and an azole antifungal agent (in particular, fluconazole) may be effective (14) . However, due to the lack of rapid and reliable methods for early diagnosis of disseminated trichosporonosis, it has been difficult to institute therapy at the early stages of the disease. Disseminated trichosporonosis was previously diagnosed by mycological, histopathological, or serodiagnostic tests. However, since Trichosporon species colonize and proliferate in the oral cavity, digestive tract, or urinary tract or on the skin, detection of Trichosporon species in the sputum, feces, and urine is unreliable. Nonetheless, when a Trichosporon species is detected in an abscess or aseptic specimens, such as blood, spinal fluid, or pleural effusion, the detection of such fungi is clinically significant. However, a long period of time is needed before the results of the diagnostic tests mentioned above become available. Because of these delays in diagnosis, trichosporonosis is sometimes diagnosed after the patient has died. Even though trichosporonosis can be diagnosed by an immunohistological assay using monoclonal antibodies, invasive examinations such as biopsy cannot often be performed in patients with severe underlying diseases. Furthermore, serological diagnosis also has certain disadvantages. For example, Trichosporon species and C. neoformans are known to share common antigens. While a latex agglutination test is used for the diagnosis of cryptococcosis, patients with deep-seated trichosporonosis are also found positive by this test (9, 10) . Consequently, trichosporonosis and cryptococcosis cannot be distinguished by this assay. Furthermore, (133)-␤-D-glucan, a common component of the cell wall of fungi, can be detected in patients with disseminated trichosporonosis (11), but since this compound can be detected in patients with almost all deep-seated mycotic diseases, except for mucormycosis (12) , assays for the detection of (133)-␤-D-glucan lack specificity for trichosporonosis. Trichosporon cutaneum was reported as the causative agent of disseminated trichosporonosis, but due to the molecular evolution classification system, based on DNA-DNA homology, introduced by Gueho et al. in 1992, T. cutaneum was reclassified into 20 species (4). In the past, serum types I and II were classified as the causative agents of deep-seated mycosis, but after the new classification, they were identified as T. mucoides and T. asahii, respectively (17) . The new primers developed in the present study were capable of specifically detecting these two species of Trichosporon. Therefore, unlike the GXM antigen assay, the nested-PCR assay distinguished between clinically important Trichosporon species and other basidiomycetous fungi, including T. montevideense (serum type III, which is not a usual causative agent of deep-seated mycosis). (4, 17) and the present investigation would be also helpful for the development of new antifungal agents against certain species of Trichosporon.
Our results with clinical samples from 11 patients with histologically diagnosed disseminated trichosporonosis showed that 7 patients (64%) were positive for nested PCR. In two patients who had positive blood cultures but who were negative for nested PCR (patients 6 and 7), T. asahii was first detected by a blood culture that was conducted just before death, while serum samples for PCR assays were collected 4 or 16 days before the blood culture. Therefore, the time difference in sample collection might have played an important role in the false-negative test. In patients 9 and 11, blood culture, GXM antigen assay, and nested PCR were all negative. It is possible that these results may be due to the presence of only a small number of causative fungi below the threshold level of these assays. This assumption is based on the fact that these two patients were treated with a drip infusion of amphotericin B or fluconazole for more than 10 days before samples were obtained for these diagnostic tests.
The new nested-PCR assay was performed on more than one occasion with samples from eight patients, and the assay detected the causative fungi a few days to a few weeks earlier than blood culture in five patients (data not shown). Therefore, our nested-PCR assay is useful for the early diagnosis of disseminated trichosporonosis.
In a clinical situation, Trichosporon species were also recognized to be the causative agents of summer-type hypersensitivity pneumonia and white piedra. In addition, these fungi are considered to colonize at the catheter sites. We had a chance to test samples from two patients with summer-type hypersensitivity pneumonia. These samples were negative for Trichosporon DNA by nested PCR (data not shown). Because the Trichosporon organisms usually cannot be isolated from the blood of patients with summer-type hypersensitivity pneumonia, the organisms are not considered to exist in such patients' blood. Therefore, the sera from these patients should be negative for Trichosporon DNA. In this study, we could not test the samples from patients with white piedra and catheter site colonization, because we did not have serum from such patients. Recently, Walsh et al. reported cases of development of disseminated aspergillosis from primary cutaneous aspergillosis (22) . There is a possibility that white piedra also advances to disseminated trichosporonosis, so we think that, in patients with white piedra, the PCR might be positive. On the other hand, we consider that PCR should be positive with sera from patients with venous catheter site colonization because of the existence of the components, including DNA, of Trichosporon in the blood vessels. Therefore, the PCR method might be positive with the serum of some patients with nondisseminated trichosporonosis. However, we believe that the results of the nested PCR should provide very helpful information for diagnosing disseminated trichosporonosis when the other clinical data are combined.
In conclusion, we have described the development of a novel PCR assay for the detection of clinically important species of Trichosporon in serum samples from patients with disseminated trichosporonosis. Detection of DNA specific for Trichosporon species with this method requires only a serum sample and can be repeated several times during the course of the disease. Further studies are necessary to prospectively evaluate our new PCR with a large clinical population sample.
